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Recovery of Degraded Ni-Rich NMC811 Cathode Particles for 
Lithium-Ion Batteries
James Kirtley, Han Yu, and Xinhua Liang
Department of Chemical and Biochemical Engineering, Missouri S&T
Objectives
Ø To apply atomic layer deposition (ALD) thin film coating to 
LiNi0.8Mn0.1Co0.1O2(NMC811) cathode material for lithium-
ion battery (LIB)
Ø To improve the cycling performance of NMC811 based LIB, 
as well as voltage stability
Problems
Ø The residual lithium oxide on the surface of particles will 
react with moisture, O2, and CO2 in air, resulting in 
unwanted LiOH and Li2CO3.
Ø The undesired byproducts hinder Li+ diffusion, resulting in 
the performance decay.
Strategy
Ø Apply a thin Al2O3 film on the surface of degraded NMC811 
(DNMC811) by ALD to reduce the of residual compounds 
like LiOH and Li2CO3
Ø Promote the cycling stability and lithium diffusion capacity 
of DNMC811 by the coating film, as well as mitigate the side 
reaction between the electrode and electrolyte.
Fundamentals of ALD
Conclusions
Ø Discharge capacity of NMC811 based lithium-ion battery is reduced when the particles 
are exposed to air and degrades.
Ø XPS results indicated that the non-conductive byproducts resulted by degradation 
decreased after Al2O3 coating.
Ø Electrochemical performance showed a restoration of discharge capacity after coating.
Ø EIS data confirmed that coating helps mitigate the resistance caused by surface 
degradation. 
A: S-OH* + Al(CH3)3 → S-OAl(CH3)2* + CH4
B: S-AlCH3* + H2O → S-AlOH* + CH4
Example: Alumina thin film ALD
Ø This work is supported in part by the National Science Foundation.
Electrochemical Performance & Analysis
Cycling performance of NMC811, degraded NMC811 and Al2O3 coated DNMC811 from 4.3V to 2.5V
Ø Rct : Intercalation resistance



























































































NMC 811 DNMC 811 2Al-DNMC 811 5Al-DNMC 811 10Al-DNMC 811
Rf 8.311 19.25 25.73 22.1 13.89
Rct 61.03 85.25 77.94 69.99 60.88
Surface Analysis

































Electrochemical Impedance Spectroscopy (EIS) of degraded NMC 811 and 
Al2O3 coated DNMC811 
XPS results of C 1s of NMC811, degraded 
NMC811 and Al2O3 coated DNMC811

